Developing harvest strategies to achieve ecological, economic and social sustainability in multi-sector fisheries by Pascoe, Sean et al.
sustainability
Article
Developing Harvest Strategies to Achieve Ecological,
Economic and Social Sustainability in
Multi-Sector Fisheries
Sean Pascoe 1,* , Toni Cannard 1 , Natalie A. Dowling 2, Catherine M. Dichmont 3,4,
Sian Breen 5, Tom Roberts 5, Rachel J. Pears 6 and George M. Leigh 7
1 CSIRO Oceans and Atmosphere, Queensland Biosciences Precinct, 306 Carmody Rd, St Lucia, Brisbane 4067,
Australia; toni.cannard@csiro.au
2 CSIRO Oceans and Atmosphere, Hobart, Tasmania 7000, Australia; natalie.dowling@csiro.au
3 Cathy Dichmont Consulting (CDC), Bribie Island 4507, Australia; cathydichmont@gmail.com
4 The College of Science and Engineering, James Cook University, Douglas QLD 4814, Queensland, Australia
5 Fisheries Queensland, Department of Agriculture and Fisheries, GPO Box 46, Brisbane 4001, Australia;
Sian.Breen@daf.qld.gov.au (S.B.); Tom.Roberts@daf.qld.gov.au (T.R.)
6 Great Barrier Reef Marine Park Authority, PO Box 1379, Townsville, Queensland 4810, Australia;
rachel.pears@gbrmpa.gov.au
7 Agri-Science Queensland, Department of Agriculture and Fisheries, GPO Box 46, Brisbane 4001, Australia;
George.Leigh@daf.qld.gov.au
* Correspondence: sean.pascoe@csiro.au; Tel.: +61-7-3833-5966
Received: 14 December 2018; Accepted: 23 January 2019; Published: 26 January 2019


Abstract: Ecosystem based fisheries management (EBFM) provides a framework to achieve ecological,
economic and social sustainability in fisheries. However, developing harvest strategies to achieve
these multiple objectives is complex. This is even more so in multi-sector multi-species fisheries. In our
study, we develop such harvest strategies for the multi-species Coral Reef Fin Fish Fishery (CRFFF)
operating in the waters of Australia’s Great Barrier Reef. The fishery includes recreational, charter
and commercial sectors, and is a provider of regional employment and supplier of seafood to both
local and export markets. We convened a series of stakeholder workshops and conducted surveys to
identify stakeholder objectives and priorities, as well as potential harvest strategy frameworks for
the fishery. These potential harvest strategies were assessed against the objectives using a further
qualitative impact survey. The analysis identified which frameworks were preferred by different
stakeholder groups and why, taking into account the different objective priorities and tradeoffs in
outcomes. The new feature of the work was to qualitatively determine which harvest strategies
are perceived to best address triple bottom line objectives. The approach is therefore potentially
applicable in other complex fisheries developing harvest strategies which, by design, strive to achieve
ecological, economic and social sustainability.
Keywords: Triple bottom line fisheries management; harvest strategy development; social objectives;
economic objectives; ecological objectives
1. Introduction
Ecosystem based fisheries management (EBFM) has been adopted in a wide range of jurisdictions
to guide management in achieving the sustainable use of the marine resources [1]. In practice,
EBFM has largely been reduced to three main dimensions—ecological, human, and governance—where
ecological criteria focus on one or more aspects of ecosystem complexity; human dimension criteria
integrate social and economic factors and involve stakeholders in the ecosystem planning processes;
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and governance criteria include a range of administrative structures (e.g., co-management) and
processes to ensure the desirable outcomes are achieved [2]. The success of EBFM to date, however,
has been limited due to three key impediments: a relative lack of explicit social, economic and
institutional objectives; a general lack of process (frameworks, governance) for routine integration
of all dimensions of sustainability; and a historical emphasis on biological considerations, especially
those related to fished stocks [3]. Definitive research on appropriate ways to select and assess social
objectives for fisheries is relatively recent [4]. What tends to be lacking is the inclusion of all three
dimensions directly within harvest strategies.
The recent Queensland Sustainable Fisheries Strategy [5] aims to move the state’s fisheries towards
a more ecologically, economically and socially sustainable future. As part of this process, a number of
Fisheries Working Groups have been established to identify fishery objectives and harvest strategies
aimed at moving the fisheries forward. These Working Groups include a wide range of stakeholders,
including all fisher sectors (commercial, charter and recreational); processors and buyers; scientists,
fishery managers, marine park managers and conservation groups.
The aim of this paper is to outline the process undertaken to develop a harvest strategy for
a complex multi-sector fishery to achieve ecological, economic and social sustainability objectives.
The Coral Reef Fin Fish Fishery (CRFFF) is one of Queensland’s most valuable in terms of export
earnings, and has important recreational, commercial and charter sectors [6].
Consistent with the principles of EBFM, the process developed in this paper involved first
identifying and prioritizing the objectives for the fishery with the key stakeholders. Given these
objectives, modifications to the current harvest strategy were then developed that potentially
considered these broader objectives. The effectiveness of these additions at improving performance
was examined through a qualitative impact assessment against the objectives. The overall subjective
probabilities that the options would improve the fishery’s outcomes were determined.
The process provides a roadmap for future harvest strategy development to achieve ecological,
economic and social objectives. The paper is organized as follows. First, an outline of the fishery is
presented in order to set the context of the analysis. Second, the methods used to elicit objectives
and objective weights, develop the harvest strategies and qualitatively determine the impact of the
alternative harvest strategy options are described. Next, the fishery specific outcomes are presented.
Finally, implications for future development of harvest strategies to achieve ecological, economic and
social outcomes are discussed.
2. The Coral Reef Fin Fish Fishery (CRFFF)
Queensland’s CRFFF targets primarily demersal reef-associated fish and operates predominantly
in the Great Barrier Reef Marine Park, which includes no-take areas for biodiversity protection
that restrict where this fishery can operate while providing some benefits to populations of fished
species [7,8]. The Great Barrier Reef Marine Park stretches approximately 2300 km along the coast
of Queensland from the northern tip of north-eastern Australia. It covers 344,400 km2 of the world’s
largest coral reef ecosystem, and includes some 3000 coral reefs, 600 continental islands, 300 coral
cays and about 150 inshore mangrove islands. The fishery is managed by Fisheries Queensland (the
state’s fisheries management agency) under the Fisheries Act 1994 (QLD) and Fisheries Regulation 2008,
and includes both input (including maximum vessel size, gear restrictions, area and seasonal closures)
and output (Total Allowable Commercial Catch (TACC) limitations, individual transferable quotas
(ITQs) size and possession limits) controls. Further details on management arrangements in the fishery
can be found in Thébaud, et al. [9].
The fishery is multi-species in nature and the key commercial species groups include coral trout
and red throat emperor, and a range of cods, groupers, emperors, tropical snappers, sea perches,
and wrasses [10]. The market for landings can be divided into two main components: a high-value
export market which developed in the mid-1990s and consists predominantly of live coral trout for the
Asian food fish trade, and a domestic market which consumes mainly dead fish (both fresh and frozen)
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and is more multi-species. In the 2016–17 financial year, the gross value product of the commercial
fishery was AUD 31.1 m, with each active vessel landing fish valued at around AUD 125,000 on
average per annum [11].
In the commercial fishery, fishers use lines and operate from small tender vessels powered by an
outboard motor. The tenders also use a main vessel as a “mother ship” for storage of the catch (as
well as occasionally operating as a fishing platform). The use of multiple tenders enables the fishers to
cover more area of the reef on any trip and access areas too shallow to fish from the primary vessel.
A number of the vessels may also participate in other fisheries, e.g., using gillnets (for inshore fish
species), trolls (for mackerel) and pots (for crabs).
Output controls in the form of TACCs and ITQs were introduced into the fishery in 2004.
Commercial license holders were allocated reef quota (RQ) shares based on historical catch records
associated with their license. There are three types of RQ quota: coral trout (CT), red throat emperor
(RTE), and other species (OS), the latter being a collective of approximately 154 other reef fish species
of which only a relatively small proportion are actively targeted by the commercial fishery. CT quota
covers seven separate species of coral trout but the majority of the landings, and almost all exports,
consist of the common coral trout (Plectropomus leopardus). All quota is fully tradable, in both permanent
and temporary (lease) trades. Leased quota automatically reverts back to the owner at the end of
each year.
The fishery also has a substantial recreational component. Recreational fishing is an important
social and economic activity in the region [12], with some studies estimating that recreational fishing
has nearly the same economic contribution to the Great Barrier Reef region as commercial fishing [13].
The recreational sector is predominantly based on private vessels on day trips, mostly fishing closer
inshore than the commercial or charter sectors [14]. However, given the common species targeted,
the two fisheries are biologically entwined. Recreational fishers are managed through size and
possession limits (a maximum of two of each species, with a combined possession limit of 20 in total of
all coral reef fin fish).
Associated with the recreational sector is a commercial charter sector. Since 2006, licensed charter
fishing operators in the area of the fishery have been required to pay an annual management fee
and report catches in logbooks. The vessels are also subject to trip limits based on the number of
recreational fishers onboard and the length of the trip; i.e., the number of recreational fishers multiplied
by the individual fisher’s recreational possession limits [15]. Extended limits apply for continuous
trips between 72 h and 160 h where double the possession limit applies; trips over 160 h allow three
times the possession limit.
As with most fisheries, stocks in the CRFFF are affected by environmental fluctuations. Being in a
tropical environment, cyclones are regular occurrences which can damage the key habitats in parts of
the fishery and have also affected catchability with flow on effects to fishery operations [16]. In more
recent years, coral bleaching events related to climate change have been more frequent, also adversely
affecting the species’ habitats and their ability to support the species [17,18].
3. Materials and Methods
3.1. Identification of Management Objectives
Considerable work has previously been undertaken examining management objectives in fisheries.
Previous studies of fisheries management objectives (and natural resource management objectives
in general) have generally identified a hierarchy of objectives, with higher level objectives being
the typical triple bottom line categories of ecological, economic and social objectives, and lower
level objectives being more detailed or specific objectives for the fishery in question [19–24]. A similar
approach was adopted for this study, although a fourth higher level objective—enhancing management
performance—was also included as this had been previously considered important by both managers
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and fishers [25]. Consideration of institutional objectives is also considered best practice in developing
good management [3].
An initial review of objectives that had previously been applied in Australian fisheries was
undertaken, and a total of 75 different potential objectives were identified. A series of workshops
were held with members of the CRFFF Working Group to identify the triple bottom line objectives
that were of most relevance to the fishery. The group formally includes 12 industry members (four
commercial fishers, two recreational fishers, one charter operator, one export/marketing representative,
one scientific member, one compliance (boating patrol) member, one Great Barrier Reef Marine Park
Authority (GBRMPA) representative and one conservation non-governmental organization (NGO)
representative) supported by 2–3 managers (see [26] for more information on the CRFFF Working
Group). However, with not all members being available at all times, and substitutes provided, some 20
different individuals were involved in the discussions.
In the first of these meetings, stakeholders were assisted by providing the list of these 75 identified
objectives, as well as some example objectives identified in an earlier Queensland study [25] and
the concepts around the development of an objective hierarchy. Working Group members broke
into smaller groups to identify which of these earlier objectives may be applicable to their fishery,
which needed modification, and which new objectives specific to their fishery were required. A revised
potential set of objectives was then compiled based on the outcomes from the group discussions.
Between meetings, the project team translated each of these potential conceptual objectives into
operational objectives. To be considered operational, they needed to be realistic, be simulation-achievable
(i.e., testable through management strategy evaluation), and have performance indicators against
which each objective could be assessed.
A revised set of potential objectives was presented at the subsequent Working Group meeting,
and the final set of 22 operation objectives for the fishery was identified through further discussion
with the Working Group.
3.2. Objective Weighting Approaches
Different harvest strategies are likely to have different impacts against the different objectives.
Additionally, individuals will assign different preferences to the objectives. To assess the overall
suitability of the harvest strategy, the objectives need to be weighted according to stakeholder
preferences, so that the different strategies can be compared on an effective performance basis. A range
of methods has been applied in the literature to assess objective weights, each with advantages and
disadvantages [27–32]. Comparative studies of these methods suggest in some cases that the objective
weights may vary considerably between methods [33], although others have found higher correlations
between the results of the different methods [34].
For this study, we applied a modified version of the analytic hierarchy process (AHP) [35] through
an online survey of fishery stakeholders to elicit weights. AHP has been used in a number of marine
and coastal applications to determine management sub-component importance and assist in decision
making [19,20,23,25,36–40], and is the most common approach used for preference elicitation in applied
natural resource case studies. Traditional AHP is based upon the construction of a series of pair-wise
comparison matrices which compare sub-components to one another, and a hierarchical structure
that groups similar sub-components into subgroups, and builds the hierarchy with progressive layers
of groupings. The pair-wise comparison used in the traditional AHP method makes the process of
assigning weights much easier for participants because only two sub-components are being compared
at a time.
A challenge facing the use of traditional AHP is the propensity for respondents to be
unintentionally inconsistent in their responses. Preference weightings are highly subjective,
and inconsistency between responses to different combinations of comparisons is a common problem
facing AHP, particularly when decision makers are confronted with many sets of comparisons [41].
Respondents do not necessarily cross check their responses, and even if they do, ensuring a perfectly
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consistent set of responses when many sub-components are compared is difficult. The discrete nature
of the 1–9 scale in the traditional AHP approach can also contribute to inconsistency, as a perfectly
consistent response may require a fractional preference score. Inconsistency can also arise through
errors in entering judgments, lack of concentration and inappropriate use of extremes [40].
In natural resource management particularly, management agencies are turning to online surveys
to understand the priorities of a wide range of stakeholders, better support policy development and
management decision making, with many of these surveys using AHP approaches (e.g., [42–47]).
The use of online surveys to elicit preferences is not unique to natural resource management, with a
range of other AHP studies implemented through online surveys (e.g., [48,49]). A key advantage of
the use of online surveys is that they allow access by relevant stakeholders who may be geographically
dispersed, even if not large in absolute numbers (for example, see Thadsin, et al. [50]).
The lack of direct interaction with the respondents creates additional challenges for deriving
priorities through approaches such as AHP. Direct interaction with the individual respondents is
generally not feasible, and in many cases responses are anonymous. At the same time, levels of
inconsistency tend to be high in online surveys. For example, Hummel, et al. [51] found that when
their survey was conducted online, only 26% of respondents satisfied a relaxed threshold consistency
ratio of 0.3 (compared to the standard threshold of 0.1); Sara, et al. [52] found 67% of respondents
satisfied a relaxed threshold consistency ratio of 0.2; Marre, et al. [47] found 64% of the general public
and 72% of resource managers provided consistent responses, while Tozer and Stokes [53] found only
25% or respondents satisfied the standard threshold consistency ratio. Most previous online-based
AHP studies have tended to exclude responses that have a high level of inconsistency, resulting in a
substantially reduced, and potentially unrepresentative, sample size (e.g., [47,51–53]).
In this study, we avoid some of these pitfalls by modifying the way in which the data are
collected and analyzed, taking into account the symmetry assumption underlying AHP. In our survey,
respondents were presented with a nine-point importance scale against which they could assess
the importance of each objective. A nine-point scale was selected (rather than an “out of 10”) as it
allows five categories to be defined with mid-points between them, and is also consistent with the
traditional AHP approach. An example of one of the questions is presented in Figure 1. The complete
questionnaire is provided in the Supplementary Material.
Figure 1. Example question in the objective importance survey.
In the approach used in this study, a separate value is derived for each objective (e.g., ai = 1 to 9)
given the importance level identified in Figure 1, and the relative score between any two objectives,
α i,j, is derived from the difference between them. This can be estimated by
ai,j =
{
ai − aj + 1 i f ai − aj > 0
−1
ai−aj−1 i f ai − aj ≤ 0
and aj,i =
1
ai,j
(1)
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Preferences are assumed to be symmetrical, such that if the relative importance of Objective 1
compared with Objective 2 has a value of α12 = 9, then α21 = 1/α12 = 1/9. For each set of comparisons,
a comparison matrix of scores (A) can be developed, given by:
A =

1 a12 . . . a1n
a21 1 . . . a2n
. . . . . . . . . . . .
an1 an2 . . . 1
 (2)
Given the derived matrix of relative objective importance, t(A) here are two general approaches
used for determining the weights: the original eigenvalue method (EM) developed by Saaty [35]
and the geometric mean method (GMM) developed by Crawford and Williams [54] (alternative
approaches have also been used to derive the weights, with the row geometric method [54] gaining
increasing interest [55]). While the former approach has been employed in a wider range of coastal
and resource management studies, the latter has been found to be less susceptible to the influence
of extreme preferences, as well as having better performance around other aspects of theoretical
consistency (e.g., less susceptible to rank reversibility if the preference set changes, and greater
transitivity properties) [55].
The objective weights (ωi) using the GMM are determined by:
ωi =
(
n
∏
j=1
ai,j
)1/n
∑
i
(
n
∏
j=1
ai,j
)1/n (3)
where
n
∏
j=1
ai,j = ai,1 × ai,2 × . . . × ai,n (i.e., the product of the elements of row i), and n is the total
number of objectives being compared.
The analysis is undertaken within each level of aggregation in the hierarchy. That is, level one
objectives are first compared with each other (e.g., the broad ecological, economic, management
and social objectives) to estimate the broad category weight (e.g., ω1, ω2, ω3, ω4). Then, level two
objectives within each of the broader objectives (i.e., the sub-objectives within a given level one
objective) are compared to produce their relative weights within the broader objective (e.g., ω1.1, ω1.2,
. . . , ω1.n, then ω2.1, ω2.2, . . . , ω2.n, etc.). Finally, the level three objectives within each of the level two
objectives are compared to produce their relative weights (e.g., ω1.1.1, ω1.1.2, . . . , ω1.1.n). The overall
weight of an individual operational is determined by the product of its initial weight estimate (i.e.,
when compared with other sub-components in that same group) multiplied by the weight of the
higher order aggregation (i.e., compared with other higher order aggregations) under the principle of
hierarchic composition [56]. For example, the final overall weight for objective 1.1.1 is given by ω1.1.1 *
ω1.1 * ω1. This reduces the number of necessary direct comparisons, as only sub-components at the
same level and within the same broader sub-component need to be compared.
An advantage of this approach over the traditional pair-wise comparison is that the respondent
is able to compare all objectives within the comparison set at the same time, avoiding issues
around inconsistency (which does not need to be calculated as a result). That is, the respondent
will immediately be able to see how each objective compares with the others in the comparison set
when making their response.
The online survey was developed in Survey Monkey. The survey was distributed to stakeholders
in the fishery with the assistance of Fisheries Queensland (the management agency) and the members
of the Working Group.
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3.3. Identification of Potential Harvest Strategies
A range of potential harvest strategies were developed in collaboration with the CRFFF Working
Group through a series of workshops. Initially, information was fed back to the Working Group about
the outcomes of the objectives surveys to help identify key areas that required further consideration.
The Working Group first established a “modified status quo” option (the “baseline”) which was
considered the minimum amount of change required to meet the ecological sustainability objectives of
the new Queensland Sustainable Fisheries Strategy [5]. A number of other alternatives were identified
that were believed to enhance at least one or more of the broader objectives of the fishery.
The proposed harvest strategies are briefly described below to place subsequent sections of the
paper in context. A more detailed description of the proposed harvest strategies is included in the
Supplementary Material.
The key proposed modification underlying the “modified status quo” harvest strategy was
the adoption of a target reference point for the stocks of 60% of the unexploited biomass, which is
consistent with the Queensland Sustainable Fisheries Strategy [5]. This reference point was taken as a
proxy for the biomass at maximum economic yield and to provide biological resilience to the stock.
Harvest control rules were developed to adjust the fishery-level total allowable catch (TAC) each year,
where these changes are then proportionally applied to both the commercial catch limit (TACC) and
the recreational catch limits to maintain relative equity between the sectors. For coral trout species,
the combined TAC is based on a stock assessment every 5 years and a suite of other indicators in the
intermediate years. For red throat emperor, the changes are proposed to be based on a risk assessment
undertaken at least every 5 years, with empirical indicators used to adjust the quota and possession
limits in the intermediate years. Similarly, for the other species (OS) component, the combined TAC
would be retained, with both commercial and recreational catches proportionally adjusted in response
to changes in the level of catch and catch composition. Within this cap, species considered “at risk”
would potentially be subject to separate commercial caps and recreational trip limits.
Alternative harvest strategies identified by the Working Group were believed to further enhance
one or more ecological, economic or social objectives. These included (i) a separate allocation of the
TAC to the charter sector (managed through vessel-level possession limits, as opposed to being based
on the number of recreational fishers they carried), aimed at enhancing the economic performance
of this sector and social benefits accruing to the recreational fishers using these vessels; (ii) the use
of environmental “overrides” where TACs are adjusted in response to a spatially or temporally
isolated weather event (e.g., a tropical cyclone) to enhance ecological outcomes and long term fishery
performance; (iii) the combination of environmental overrides and spatially explicit management,
where responses to the catastrophic event may vary in different areas of the fishery and also to ensure
some form of spatial equity across regional communities; (iv) formally identifying separate TACs for a
number of key OS quota species with ITQs and possession limits also allocated for these species; and,
(v) formally identifying separate TACs for a number of key coral trout species, again with separate
ITQs and possession limits for each of these species for largely ecological benefits.
It was recognized that these different alternative options would have greater benefits than
the modified status quo against some objectives but potentially reduce benefits against others.
A subsequent further analysis was hence undertaken to qualitatively assess the relative benefits
of these alternative harvest strategy proposals.
3.4. Performance of Each Harvest Strategy against the Objectives
The assessment of the performance of the alternative harvest strategies against each of the
objectives followed a similar approach as that outlined in [57] and Dichmont, et al. [43]. However,
where in those approaches several distinct harvest strategies were scored, in this paper additional
components to the “modified status quo” were assessed. A second online survey was developed in
Survey Monkey aimed at eliciting “expert” opinion as to the effects of the management options on
the objective outcomes. The main target of the second survey was members of the CRFFF Working
Sustainability 2019, 11, 644 8 of 21
Group who had taken part in developing the set of management objectives and harvest strategies,
and most likely had expectations about how they would perform. Given the small number involved
in this group, the survey was also administered to those individuals from the first survey who had
agreed to participate in a follow-on survey (other than the working group members).
The respondents of the second survey were asked to rate each potential harvest strategy relative
to the baseline (i.e., the modified status quo) against each objective on a scale ranging from of
“Much worse than the baseline” to “Much better than the baseline”. An example of one such
comparison applied in the survey is given in Figure 2. The complete questionnaire is provided
in the Supplementary Material.
Figure 2. Example question in the harvest strategy performance survey.
The resultant choices were converted to a 7-point scale, ranging from −3 (“Much worse than the
baseline”) to +3 (“Much better than the baseline”), with “About the same as the baseline” having a
value of 0. The final output of this process is an (i * j) impact matrix, Is, for each strategy s, where i is
the number of objectives and j is the total number of respondents of the second survey.
The relative weights for each respondent for each objective derived from the objective survey
were combined into a single (r * i) relative weight matrix, Wt by stakeholder group, t, where r is the
number of respondents to the objective survey and i is the number of objectives considered. The overall
results were derived by the product of these two matrices, W’I for each stakeholder group and harvest
strategy, producing (r*j) observations, providing a score representing how well the harvest strategy
performs against the baseline given the objective preference of each respondent r and the expectations
about how the strategy performs against these objectives from each respondent j. A positive score
indicates that the strategy is better than the present system, while a negative score indicates that the
strategy is worse. In this regard, the resultant scores are similar in principle to utility measures, and the
process for assessing the subjective probabilities or an outcome similar to those used in multi-attribute
utility theory [58].
From the relative frequencies of these scores, we are able to derive a subjective probability
distribution [59] of the expected benefits of each harvest strategy that takes into account heterogeneity
in both the impact scores and also the objective preference weightings. The probability distributions
are subjective rather than objective as they are based on distributions of opinion and expert judgement
rather than actual real-world outcomes.
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3.5. Ethical Clearance
The surveys and workshops were approved by CSIRO’s (Commonwealth Scientific and
Industrial Research Organisation) Social Science Human Research Ethics Committee (Project 113/17)
in accordance with the Australian National Statement on Ethical Conduct in Human Research.
As the surveys were sequential, each was submitted separately for review and clearance before
being implemented.
4. Results
4.1. Identification and Weighting of Objectives
A total of 22 operational objectives were agreed by the Working Group (Table 1). These were
arranged into a three-level hierarchy, with the top level consisting of ecological sustainability, economic,
governance (management) and social objectives.
A number of other objectives (mostly governance and social objectives) were also considered
important by the Working Group, but it was recognized that these could not be influenced by a
harvest strategy, and were not subsequently considered in the further analysis as they would not be
affected by the scoring system. For example, one such management objective—transparent decision
making—is a function of the governance structure rather than a feature of any particular harvest
strategy. It was noted that these additional objectives would need to be considered when developing
broader management structures.
4.1.1. Objective Weighting Survey Responses
The objective weighting survey received a total of 110 responses, of which around half were
from commercial fishers (Figure 3). Most respondents identified as one of two different stakeholder
groups, with the biggest overlap being between the commercial fishers and quota holders. Only three
responses were received from conservation groups, so these were incorporated into the “other”
category, which also contains commercial and recreational fisheries association representatives (but
who were not active fishers in the CRFFF), and quota brokers.
Figure 3. Distribution of survey responses by stakeholder group.
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Table 1. Objective hierarchy identified with the Working Group.
Broad Objectives (Level 1) Sub-objectives (Level 2) Specific Operational Objectives (Level 3)
1. Ensure ecological
sustainability
1.1 Ensure resource biomass sustainability 1.1.1 As per the Queensland Sustainable Fisheries Strategy, achieve BMEY (biomass at
maximum economic yield) (~60% unfished biomass or defensible proxy), by 2027 for the
main commercial, charter and recreational species; if below biomass at maximum sustainable
yield, BMSY, aim to achieve BMSY (~40–50% B0) by 2020.
1.1.2 Minimize risk to Other Species in the fishery which are not included in 1.1.1.
1.2 Ensure ecosystem resilience 1.2.1 Minimize risk to bycatch species
1.2.2 Minimize discard mortality of target species (e.g., high grading)
1.2.3 Minimize broader ecological risks
1.2.4 Minimize risk to protected species
1.3 Minimize risk of localized depletion 1.3.1 Minimize risk of localized depletion due to fishing
1.3.2. Minimize risk of localized depletion in response to environmental events (e.g., cyclone)
2. Enhance fishery
economic performance
2.1 Maximize commercial economic benefits, as combined totals for each of the
following sectors
2.1.1 Commercial fishing industry profits
2.1.2 Charter sector profits
2.1.3 Indigenous commercial benefits
2.2 Maximize value of recreational fishers and charter experience (direct to
participant)
2.2 Maximize value of recreational fishers and charter experience
2.3 Maximize flow-on economic benefits to local communities (from all sectors) 2.3 Maximize flow-on economic benefits to local communities
2.4 Minimize short term (inter-annual) economic risk 2.4 Minimize short term (inter-annual) economic risk
2.5 Minimize costs of management associated with the harvest strategy:
monitoring, undertaking assessments, adjusting management controls
2.5 Minimize costs of management associated with the harvest strategy: monitoring,
undertaking assessments, adjusting management controls
3. Enhance management
performance
3.1 Maximize willingness to comply with the harvest strategy 3.1 Maximize willingness to comply with the harvest strategy
4. Maximize social
outcomes
4.1 Maximize equity between recreational, charter, indigenous and commercial
fishing
4.1 Increase equitable access to the resource
4.2 Improve social perceptions of the fishery (social license to operate)
(recreational, commercial, charter, indigenous)
4.2.1 Through sound fishing practices, minimize adverse public perception around discard
mortality (compliance with size limits, environmental sustainability, and waste)
4.2.2 Maximize utilization of the retained catch of target species
4.2.3 Maximize the potential for fishing to be perceived as a positive activity with benefits to
the community (commercial, rec, and charter)
4.3 Enhance the net social value to the local community from use of the resource 4.3.1 Increase access to local seafood (all species)
4.3.2 Maximize spatial equity between regions or local communities
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4.1.2. Objective Importance
The distributions of the derived higher-level objective groups (Ecological Sustainability, Economic,
Management, and Social) by stakeholder group are shown in Figure 4. All groups tended to rank
the ecological sustainability objectives the highest. The commercially oriented groups (commercial
fishers, quota owners and buyers) also generally rated economic objectives similar to the ecological
sustainability objectives, whereas the other groups tended to rate economic objectives lower than
ecological sustainability. Charter operators were closer to recreational than commercial weightings.
Most groups tended to rate the social objectives the lowest, consistent with most other previous
management objective studies in Australia [24,60].
Figure 4. Objective weight distributions by stakeholder group. The thick bar represents the median
weight; the box represents the range of weights between the 75th and 25th percentile (i.e., 50% of the
observations); the “whiskers” represent the upper and lower bounds of the distribution.
The full set of average objective weightings are given in Table 2. The weightings on the lower
level objectives appear fairly similar across the different stakeholder groups. This is an artefact of
the “dilution” effect of distributing the higher-level objective weights over many sub-objectives.
The cumulative effect of these small differences at the lower level, however, may result in overall
different preferences for different harvest strategies at the stakeholder level.
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Table 2. Average weights by stakeholder group.
Group Commercial
Fishers
Charter Boat
Operators
Recreational
Fishers
Quota Owners Processors/
Wholesalers/
Buyers
Fishery
Managers
Scientific
Advisors
Other
Responses 57 25 26 35 8 7 7 9
Mean RSE Mean RSE Mean RSE Mean RSE Mean RSE Mean RSE Mean RSE Mean RSE
Ecol1 0.308 3% 0.384 3% 0.335 3% 0.297 3% 0.387 3% 0.454 3% 0.461 3% 0.405 3%
Ecol1.1 0.100 4% 0.130 4% 0.124 4% 0.110 4% 0.207 4% 0.254 4% 0.193 4% 0.138 4%
• Ecol1.1.1 0.058 6% 0.055 6% 0.070 6% 0.064 6% 0.133 6% 0.170 6% 0.093 6% 0.062 6%
• Ecol1.1.2 0.042 6% 0.075 6% 0.054 6% 0.046 6% 0.074 6% 0.083 6% 0.100 6% 0.076 6%
Ecol1.2 0.109 5% 0.132 5% 0.115 5% 0.101 5% 0.099 5% 0.120 5% 0.191 5% 0.133 5%
• Ecol1.2.1 0.022 7% 0.023 7% 0.026 7% 0.018 7% 0.018 7% 0.016 7% 0.040 7% 0.027 7%
• Ecol1.2.2 0.037 5% 0.045 5% 0.038 5% 0.039 5% 0.039 5% 0.038 5% 0.044 5% 0.051 5%
• Ecol1.2.3 0.028 6% 0.033 6% 0.027 6% 0.023 6% 0.027 6% 0.033 6% 0.054 6% 0.029 6%
• Ecol1.2.4 0.023 6% 0.031 6% 0.024 6% 0.020 6% 0.016 6% 0.033 6% 0.053 6% 0.026 6%
Ecol1.3 0.099 5% 0.122 5% 0.096 5% 0.087 5% 0.081 5% 0.080 5% 0.077 5% 0.134 5%
• Ecol1.3.1 0.066 6% 0.084 6% 0.061 6% 0.061 6% 0.038 6% 0.044 6% 0.051 6% 0.073 6%
• Ecol1.3.2 0.033 7% 0.038 7% 0.035 7% 0.025 7% 0.042 7% 0.036 7% 0.027 7% 0.062 7%
Econ2 0.286 4% 0.239 4% 0.214 4% 0.289 4% 0.311 4% 0.125 4% 0.123 4% 0.169 4%
Econ2.1 0.099 5% 0.062 5% 0.053 5% 0.098 5% 0.094 5% 0.033 5% 0.035 5% 0.036 5%
• Econ2.1.1 0.064 7% 0.023 7% 0.025 7% 0.064 7% 0.057 7% 0.017 7% 0.016 7% 0.023 7%
• Econ2.1.2 0.018 7% 0.031 7% 0.020 7% 0.019 7% 0.024 7% 0.008 7% 0.010 7% 0.008 7%
• Econ2.1.3 0.017 8% 0.008 8% 0.008 8% 0.015 8% 0.013 8% 0.008 8% 0.009 8% 0.006 8%
Econ2.2 0.023 8% 0.043 8% 0.053 8% 0.025 8% 0.036 8% 0.032 8% 0.014 8% 0.018 8%
Econ2.3 0.061 6% 0.057 6% 0.048 6% 0.060 6% 0.086 6% 0.022 6% 0.032 6% 0.059 6%
Econ2.4 0.050 6% 0.036 6% 0.028 6% 0.052 6% 0.043 6% 0.018 6% 0.019 6% 0.026 6%
Econ2.5 0.053 5% 0.041 5% 0.032 5% 0.055 5% 0.053 5% 0.020 5% 0.022 5% 0.030 5%
Manage3 0.264 4% 0.232 4% 0.277 4% 0.271 4% 0.241 4% 0.317 4% 0.293 4% 0.270 4%
Social4 0.142 4% 0.145 4% 0.174 4% 0.143 4% 0.061 4% 0.104 4% 0.123 4% 0.156 4%
Social4.1 0.033 7% 0.047 7% 0.048 7% 0.038 7% 0.016 7% 0.038 7% 0.045 7% 0.039 7%
Social4.2 0.048 5% 0.051 5% 0.056 5% 0.051 5% 0.021 5% 0.029 5% 0.037 5% 0.067 5%
• Social4.2.1 0.010 6% 0.011 6% 0.013 6% 0.011 6% 0.006 6% 0.008 6% 0.006 6% 0.017 6%
• Social4.2.2 0.017 6% 0.018 6% 0.018 6% 0.018 6% 0.005 6% 0.012 6% 0.016 6% 0.021 6%
• Social4.2.3 0.021 6% 0.022 6% 0.026 6% 0.022 6% 0.010 6% 0.009 6% 0.015 6% 0.029 6%
Social4.3 0.061 6% 0.047 6% 0.070 6% 0.054 6% 0.024 6% 0.037 6% 0.041 6% 0.050 6%
• Social4.3.1 0.039 7% 0.023 7% 0.032 7% 0.034 7% 0.013 7% 0.017 7% 0.026 7% 0.035 7%
• Social4.3.2 0.022 6% 0.024 6% 0.038 6% 0.02 6% 0.012 6% 0.021 6% 0.015 6% 0.016 6%
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4.2. Performance of Harvest Strategies against the Objectives
A second questionnaire to assess each of the potential harvest strategies (described in Section 3.3
and detailed in the Supplementary Material) against each of the objectives was developed and sent to
a smaller group of stakeholders. As the aim of the second survey was to elicit expert opinion as to
how each of the potential harvest strategies might perform against the different fisheries objectives,
the main target was the Working Group members, who were familiar with both the proposed harvest
strategies and the objectives. However, as this group was relatively small (12 stakeholder members plus
2–3 managers), additional responses were elicited from other stakeholders with a prior involvement
with the project. From the first survey of management objective importance, 48 respondents expressed
a willingness to participate in a follow up survey (including working group members), and this broader
group was approached.
Working Group members were notified in advance about the second survey and agreed to a
short turnaround time. The survey was administered during a fishery closure, during which time
all commercial fishers were onshore. The survey was only open for one week (the last week of the
closure), during which 28 responses were received. From these, a total of 18 useable responses were
received, with the other 10 respondents only providing details of their involvement with the fishery
and no assessments of the harvest strategy options. Four respondents answered most, but not all of
the harvest strategy related questions. These were included in the set of usable responses, with the
average response of the rest of the group used to replace the missing values in the subsequent analyses.
Two-thirds (12) of the usable responses were from Working Group members, with the remainder from
individuals not involved in determining the harvest strategies. The distribution of the responses by
stakeholder group is shown in Figure 5.
Figure 5. Impact survey response by stakeholder group.
4.2.1. Harvest Strategy Impacts
The expected (perceived) impact of each harvest strategy option against the objectives is shown
in Figure 6. The charter sector allocation option is generally expected to provide benefits against
nearly all objectives, with the possible exception of two objectives: discard mortality (Ecol1.2.2)
(possibly due to a perception of some respondents that the quota will encourage high-grading and
discarding as in commercial fisheries, although the current recreational trip limits are also essentially
a quota) and costs of management (Econ2.5) (possibly due to a perception of higher monitoring,
surveillance and control costs). The addition of environmental overrides is generally considered
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to have ecological sustainability benefits, but potentially negative consequences for the economic
objectives. Social outcomes are expected to be mixed, with improvement against some objectives (e.g.,
Social4.2.1 and Social4.2.3, both relating to improved social perceptions) and losses in other areas
(Social4.3.1—access to local seafood). The addition of spatially explicit control rules and environmental
overrides is expected to produce a similar pattern with respect to ecological and economic outcomes as
the previous option, although the magnitude and uncertainty around some of these impacts is greater
(e.g., Ecol1.1.2, Ecol1.2.1, Ecol1.2.3, Econ2.2).
Figure 6. Distribution of the impacts against the management objectives. The thick bar represents
the median weight; the box represents the range of weights between the 75th and 25th percentile (i.e.,
50% of the observations); the “whiskers” represent the upper and lower bounds of the distribution.
Separating out some of the OS species and applying TACs to these is expected to potentially
have more substantial ecological benefits, with a mixed result in terms of economic objectives. With a
large number of species included in the OS quota, separating out key species is likely to improve
their ecological sustainability. In contrast, separating out the coral trout species into separate TACs is
expected to have little or no ecological benefit (as there are only a small number of species covered by
this quota), but would entail economic costs.
Willingness to comply with management regulations (Manage3) is also likely to vary with the
different potential harvest strategies. With the exception of the separate charter allocation, and to a
lesser extent the OS species quotas, willingness to comply is expected to decrease, with the greatest
decreases being expected with the two environmental override options. These options potentially
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impose additional restrictions on the fishery (in response to environmental events), and hence may
attract additional opposition by fishers.
4.2.2. Overall Performance Measures of Each of the Harvest Strategies
The derived impact matrix was multiplied by the matrix of objective weights (i.e., W’I) to produce
a matrix of potential weighted scores for each of the harvest strategy options, with each score ranging
from −3 to 3. The distributions of these scores are illustrated in Figure 7. For each of the 18 expert
assessments of the impact of the strategy on the objectives, there are 110 weighted scores reflecting
heterogeneity in the importance of these objectives; or for each of the 110 individuals providing the
objective importance weights, there are 18 different weighted scores associated with each strategy
representing the uncertainty in the effects of the strategy on the objectives. In total, 1980 subjectively
weighted scores are estimated for each harvest strategy reflecting both heterogeneity in the stakeholder
groups and uncertainty in the expert assessments. All experts and stakeholders are assumed to have
equal weight.
Figure 7. Weighted impact score distributions and their cumulative subjective probabilities.
The derived cumulative subjective probabilities in Figure 7 represent the likelihood that a harvest
strategy alternative would perform better than the baseline harvest strategy alone. From these, it can
be seen that no single alternative management option was considered an improvement in all cases,
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with both positive and negative outcomes expected given the variability in expected impact and
objective weightings. The cumulative subjective probability associated with the point at which the
score equals zero provides a measure of the relative likelihood of a positive or negative outcome.
For example, based on the relative frequency of each score in the outcome set [59], the addition of a
separate allocation to the charter sector is expected to have a 60% chance of a positive outcome and a
40% chance of a zero or negative outcome.
The results were also considered by stakeholder group to determine if there were substantial
differences of opinion in terms of the relative merit of particular harvest strategy additions. The use
of mean scores has been found to provide a more reliable indicator than individual scores in other
studies where expert opinion has been elicited [61]. Given the common set of expert assessments of
the impacts of each harvest strategy on the different objectives, differences between groups reflects the
differences in the importance given to these objectives.
The average score for the charter allocation option was small but positive for all of the stakeholder
groups (Table 3). Similarly, the average score for the split OS quota was also positive across all of
the stakeholder groups. This suggests that, on average, these options would be beneficial from the
perspective of all groups. In contrast, the split CT quota was negative for all groups, suggesting it is
not a desirable option.
Table 3. Average weighted “score” by stakeholder group.
Stakeholder Group Charter EnvironmentalOverrides
Spatially Explicit Control Rules
and Environmental Overrides
Split OS
Quota
Split CT
Quota
Commercial fisher 0.06 −0.13 −0.06 0.28 −0.28
Charter boat operator 0.09 −0.02 0.07 0.37 −0.23
Recreational fisher 0.09 −0.07 0.02 0.34 −0.26
Quota owner 0.06 −0.15 −0.07 0.28 −0.29
Processor/wholesaler 0.09 −0.02 0.04 0.38 −0.24
Fishery manager 0.10 0.03 0.08 0.49 −0.23
Scientific advice 0.11 0.02 0.09 0.46 −0.22
Other 0.10 0.00 0.08 0.40 −0.24
The scores for environmental overrides were generally negative on average for the commercial
and recreational sectors, but positive for the manager, scientist and other stakeholder groups (Table 3).
Adding spatially explicit control rules improved the average score for all of the stakeholder groups,
although the overall average was still marginally negative for quota holders and commercial fishers.
An alternative to considering the average score is to consider the proportion of outcomes with
a negative score (Table 4). Generally, the charter allocation and split OS quota produced negative
outcomes on fewer than 35% of cases, whereas the split CT option resulted in negative scores more
than 57% of cases.
Table 4. Proportion of estimates with a negative value by stakeholder group.
Stakeholder Group Charter EnvironmentalOverrides
Spatially Explicit Control Rules
and Environmental Overrides
Split OS
Quota
Split CT
Quota
Commercial fisher 0.30 0.51 0.48 0.31 0.64
Charter boat operator 0.29 0.37 0.35 0.29 0.59
Recreational fisher 0.29 0.45 0.39 0.32 0.61
Quota owner 0.29 0.53 0.49 0.31 0.64
Processor/wholesaler 0.33 0.34 0.38 0.25 0.58
Fishery manager 0.35 0.33 0.32 0.27 0.59
Scientific/advice 0.31 0.36 0.34 0.25 0.57
Other 0.30 0.36 0.34 0.29 0.58
5. Discussion and Conclusions
The aim of the study was to identify the impact of different harvest strategies for the CRFFF
in achieving ecological, economic and social objectives, as identified by the various stakeholder
groups. A fourth objective was also considered, namely, the implications of the management option for
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fishery governance, following the proposal by Stephenson, et al. [3]. The process was undertaken with
considerable stakeholder engagement, with the CRFFF Working Group developing the operational
fishery objectives and also the baseline and potential alternative harvest strategies.
While the Working Group agreed on a set of objectives that the harvest strategy should address,
not surprisingly the importance weight given to these objectives varied between stakeholder groups.
All groups tended to rank the ecological sustainability objectives the highest. The relative weight of
the economic objectives varied between stakeholder groups, with the commercially oriented groups
(fishers, quota owners and buyers) generally weighting economic objectives similar to the ecological
sustainability objectives, while the other groups tended to weight the economics objectives much lower.
Social objectives were generally given a low weight by all stakeholder groups, with the exception of
recreational fishers and the “other” group, which consisted predominantly of conservation group and
industry association representatives.
These different objective weightings had an impact on how the different harvest strategy options
were potentially perceived by the different stakeholder groups. For example, the use of environmental
overrides was considered to result in benefits in terms of expected ecological outcomes but at a
higher economic cost. For the commercially oriented groups with similar economic and ecological
sustainability objective weights, these effects largely cancelled out, resulting in a slight negative
expected benefit. For the other groups with the lower economic weighting, these options were seen to
result in a positive outcome.
The apparent trade-offs between ecological and economic outcomes also reflects a tendency for
most respondents to discount future economic and ecological impacts (both positive and negative)
differently. For example, harvest strategies that performed well against the objective of achieving
MEY-level stocks should also result in longer term economic benefits. However, the impacts estimated
by the stakeholders were much more short term in respect to economic outcomes than ecological
outcomes. This may reflect the state of economic resilience in the fishery, where a reduction in economic
performance due to higher operating costs involved in achieving higher ecological performance may
result in greater short-term economic stress. To some extent this is also reflected in the relative
weighting by the groups, with those sectors with a financial stake in the industry placing greater
importance on economic outcomes, potentially not so much to only improve economic performance,
but to also ensure it does not deteriorate.
While we did not test every combination, the analyses demonstrate how triple bottom line
outcomes can be affected by relatively small changes in the harvest strategy and through combining
approaches targeted at particular aspects. For example, the addition of spatial consideration to
the environmental override option was introduced to improve both ecological outcomes and social
outcomes, with spatial management allowing inter-regional equity considerations to be addressed.
Although social objectives had a low weighting for many groups, the additional social benefits from
the introduction of spatial considerations were sufficient to change the sign on the average net score
from negative to positive for some groups, and reduce the magnitude of the negative sign in the others.
The outcomes from the process are not necessarily an endpoint in terms of determining an optimal
harvest strategy, since managers will need to consider these findings in light of the agreed strategic
direction, their legislative mandate and feasibility. The perceived relative benefits of alternative
harvest strategy options were opinion-based: harvest strategy evaluation against triple bottom line
objectives, acknowledging alternative sector weightings, can also be undertaken quantitatively using
simulation modelling. While acceptability to all groups may not be required given the constraints
under which managers must operate and also the diversity of views across and within stakeholder
groups, the process identified which areas of a potential option may need further consideration to
be more acceptable to a greater proportion of stakeholders. For example, reducing the costs (or the
perception of costs) associated with the environmental overrides and spatial management options
would result in benefits being realized by all groups. Similarly, further investigation as to why separate
OS quota was seen as desirable, while separate CT quota was not, may lead to improvements in the
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management of both sets of species. As a consequence, these results provide valuable insights which
can inform the subsequent consultation to refine the harvest strategies. While considered separately,
the options are not mutually exclusive. For example, a charter sector allocation could be implemented
in addition to the other options.
A key feature of the process used in this study is that it allows managers to integrate all dimensions
of sustainability into the harvest strategy development process and also provides an explicit role
for stakeholder engagement. Industry and other groups were directly involved in identifying the
objectives, weighting the objectives, identifying the potential harvest strategies and providing input
(based on expert knowledge) as to how these strategies are likely to perform. The process provides
a formal framework in which this consultation can take place. As such, it directly addresses the
key impediments to developing effective EBFM [3] by providing a suite of stakeholder-developed
ecological, economic, and social objectives as well as a general process to integrate these into harvest
strategies that consider the three dimensions of sustainability.
Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/11/3/644/s1:
Detailed description of the alternative harvest strategies.
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